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SOLID-STATE IMAGING DEVICE AND
IMAGE DEFECT CORRECTION
PROCESSING CIRCUIT

CROSS-REFERENCE TO RELAT
APPLICATIONS

s
w

This application 1s based upon and claims the benefit of

priority from Japanese Patent Application No. 2009-157116,
filed Jul. 1, 2009; the entire contents of which are 1corpo-
rated herein by reference.

FIELD

Embodiments described herein relate generally to a signal
processing circuit for processing a signal obtained from a
pixel and to a solid-state 1maging device. In particular,
embodiments described herein relate generally to an 1image
defect correction processing circuit for making corrections on
a white defect and a black defect.

BACKGROUND

In a solid-state imaging device, various 1mage processings
such as defect correction are carried out by a signal process-
ing circuit 1 order to perform a high quality of a signal
obtained from a pixel. Jpn. Pat. Appln. KOKAI Publication
No. 2007-335991 discloses the following signal processing,
circuit. The signal processing circuit 1s provided with a rear-
rangement circuit. This rearrangement circuit rearranges sig-
nals of a defect correction target pixel and the peripheral
same-color nine pixels 1n the order of the magnitude of a
signal level. Based on the foregoing rearrangement result, 1t 1s
determined whether or not a target pixel has a defect. If the
target pixel 1s a defect pixel, a signal level 1s substituted for an
average value of signal levels from peripheral normal pixels;
in this way, defect corrections are made.

However, the foregoing conventional signal processing cir-
cuit requires a rearrangement circuit, which rearranges sig-
nals from a plurality of pixels 1n the order to the magnitude of
a signal level. For this reason, the circuit scale becomes large.
Moreover, when making defect corrections, the conventional
circuit makes corrections even 1f two pixels having a black
defect and a white defect exist in the same-color nine pixels.
For this reason, erroneous corrections easily occur; as aresult,
this 1s a factor of causing a decrease of resolution.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing the configuration of a
solid-state 1imaging device according to a first embodiment;

FIG. 2 1s a block diagram showing the configuration of a
signal processing circuit shown in FIG. 1;

FIG. 3 1s a block diagram showing the detailed configura-
tion of the principal part of a signal processing circuit of FIG.
2;

FIG. 4 1s a view showing an arrangement of a correction
target pixel processed by the signal processing circuit of FIG.
2 and the peripheral five-by-five pixels;

FIG. 5 1s a view showing an arrangement of correction
target pixel processed by the signal processing circuit of FIG.
2 and the peripheral same-color three-by-three pixels;

FIG. 6 1s a view showing the magnitude relationship of a
signal level of peripheral eight pixels of a correction target
pixel processed by the signal processing circuit of FIG. 2;

FIG. 7 1s a view to explain a defect determination method
by the signal processing circuit of FIG. 2;
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FIG. 8 1s a block diagram showing the detailed configura-
tion of the principal part of a signal processing circuit accord-
ing to a second embodiment; and

FIG. 9 1s a block diagram showing the configuration of a
signal processing circuit according to a third embodiment.

DETAILED DESCRIPTION

In general, according to one embodiment, an 1image defect
correction processing circuit includes a signal level compara-
tor circuit and a defect correction circuit. The signal level
comparator circuit receives signals read from a plurality of
pixels arrayed 1n an imaging area. Then, the circuit extracts
the maximum signal level and the minimum signal level from
a plurality of pixel signals existing around a correction target
pixel. The defect correction circuit receives the foregoing
maximum and minimum signal levels, and then, compares a
signal from the correction target pixel with the foregoing
maximum and minimum signal levels. In this way, the cor-
rection circuit determines whether or not the correction target
pixel has a white defect or a black defect, and thus, according
to the determination result, executes defect corrections with
respect to the correction target pixel.

First Embodiment

Various embodiments will be hereinafter described with
reference to the accompanying drawings. FIG. 1 shows the
configuration of a solid-state 1maging device according to a
first embodiment. The solid-state 1imaging device shown 1n
FIG. 1 1s an amplification CMOS 1mage sensor. In the CMOS
image sensor, pixels, thatis, unitcells 12-j; (1=1, 2. .., m, =1,
2 ...,n) are two-dimensionally arrayed like a matrix having
m rows and n columns 1n an 1imaging area 11. In FIG. 1, one
circuit configuration 1s typically shown having four rows and
four columns as the imaging area 11.

The imaging area 11 1s divided 1into a plurality of blocks 1n
the vertical direction. Each unit cell column of the imaging
area 1s connected to each of a plurality of vertical signal lines
VLINi. One terminal of the imaging area 11, for example, the
upper portion 1s provided with a plurality of load transistors
TLMj for a source follower circuit, which 1s arranged in the
horizontal direction. A current path of each load transistor
TLMj 1s connected between one terminal of the vertical signal
line VLINj and a ground node. Each gate electrode of load
transistors TLM]j 1s supplied with a bias voltage V'TL output
from a bias circuit 22.

The other terminal, that 1s, the vertical signal line VLINj,
for example, the lower portion of the imaging area 11 1is
provided with a column noise cancellation circuit and analog-
to-digital converter (CDS & ADC) 13, alatch circuit 14, a line
memory 15 and a horizontal shift register circuit 16. Specifi-
cally, the latch circuit 14 latches a signal digitized by the ADC
13. The line memory 15 stores the latched signal. The hori-
zontal shift register circuit 16 executes the control for reading
a signal from the line memory 15. The foregoing latch circuit
14, line memory 15 and horizontal shift register circuit 16
form a horizontal drive circuit 17, which stores digital data
obtained by the CDS & ADC 13 and successively outputs it as
a video signal.

The imaging area 11 1s provided with a vertical block
selector circuit 18, an 1n-block line selector circuit 19 and a
pulse selector circuit 20, which are arranged adjacent thereto.
The pulse selector circuit 20 outputs a row select drive pulse
signal ADRE1, a reset drive pulse signal RESE'T1 and a read
drive pulse signal READ1 for each row of unit cell. The
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foregoing vertical block selector circuit 18, in-block line
selector circuit 19 and pulse selector circuit 20 form a vertical
drive circuit 21.

A block of the imaging area 11 1s selected according to
block select signals Vblockl and Vblock2 output from the
vertical block selector circuit 18. The vertical block selector
circuit 18 includes a shift register circuit or decoder circuit. A
unit cell row (pixel row) of the block selected by the vertical
block selector circuit 18 1s selected by the in-block line selec-
tor circuit 19 based on pixel row select signals BLinel to
BLined. Further, a unit cell row 1s selected by the pulse
selector circuit 20 based on an output signal of the 1n-block

line selector circuit 19 and drive pulse signals RESETA,
REAdi and ADRES:.

Each unit cell 12-ij includes four transistors, that is, row
select transistor Ta, amplification transistor Tb, reset transis-
tor Tc, read transistor T and a photodiode PD. A unit cell
12-11 will be given as one example. In the unit cell 12-11, a
current path of transistors Ta and Tb 1s connected in series
between a supply node of a power supply voltage VDD and a
vertical signal line VLIN1. A gate electrode of transistor Ta 1s
supplied with a drive pulse signal ADRES1. A current path of
transistor T¢ 1s connected between a supply node of a power
supply voltage VDD and a gate electrode (detector FD) of
transistor Th. The gate electrode of the transistor Tc 1s sup-
plied with a drive pulse signal RESET1. One terminal of a
current path of the transistor Td 1s connected to the detector
FD, and a gate electrode thereot 1s supplied with a drive pulse
signal READI1. The other terminal of the current path of
transistor Td 1s connected with a cathode of a photodiode PD,
and an anode of the photodiode PD i1s grounded.

The CDS & ADC 13 1s provided with a plurality of capaci-
tors C1j and C2j used for noise cancellation. Further, the CDS
& ADC 13 1s provided with a plurality of transistors TS1; for
transmitting a signal of a vertical signal line VLINj and two
comparator circuits COMP1; and COMP2;.

One terminal of a current path of the transistor TS1; 1s
connected to the vertical signal line VLINj, and a gate elec-
trode thereot 1s supplied with a pulse signal S1 output from a
timing generator (not shown). The other terminal of the cur-
rent path of the transistor TS1; 1s connected with one elec-
trode of capacitors C1j and C2/. The other electrode of capaci-
tor C1; 1s supplied with a comparison reference signal VREF
(e.g., triangular wave signal) for an analog-to-digital con-
verter (ADC) output from an amplifier circuit AMP. The other
clectrode of capacitor C2; 1s connected to each mput terminal
of a plurality of comparator circuits COMP1;.

Each comparator circuit COMP1; includes a plurality of
inverters INV1j and transistors TS2/ whose current path 1s
connected between mput and output terminals of these invert-
ers INV1;. Likewise, each comparator circuit COMP2/
includes a plurality of mnverters INV2; and transistors 1S3/
whose current path 1s connected between iput and output
terminals of these iverters INV2/. A plurality of capacitors
(C3j are imnterposed between comparator circuits COMP1; and
COMP2/. Each gate electrode of transistors TS2/ 1s supplied
with a pulse signal S2 while each gate electrode of transistors
TS3j 1s supplied with a pulse signal S3.

Digital signals having a plurality of bits are successively
output from comparator circuits COMP2;, and then, these
digital signals are latched by the latch circuit. In each unit cell,
photo-electrically converting 1s performed. A video signal 1s
converted to a digital signal 1mn the CDS & ADC 13. The
digitized video signal 1s successively output from the line
memory. Then, the video signal 1s supplied to a signal pro-
cessing circuit 23 so that defect corrections are performed.
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FIG. 2 shows the configuration of the signal processing
circuit 23 shown 1n FIG. 1. The signal processing circuit 23
includes a pre-gamma (y) correction circuit 31, a four-hori-
zontal-line memory 32, a defect correction block 33, a noise
reduction circuit 34 and a reverse-gamma (v) correction Cir-
cuit 35. The defect correction block 33 includes a signal level
comparator circuit 41, a defect correction circuit 42, an edge
control circuit 43 and a weighting addition circuit 44. The
signal level comparator circuit 41 executes extraction of
pixel, signal level comparison and subtraction. The defect
correction circuit 42 executes defect determination and defect
corrections.

A video signal output from the line memory 15 of FIG. 1 1s
supplied to the pre-gamma (y) correction circuit 31, and then,
gamma (v) correction 1s carried out before defect correction.
The gamma (v)-corrected video signal 1s supplied to the four-
horizontal-line memory 32 so that the four-horizontal-line
memory 32 extracts pixel signals equivalent to five lines. The
extracted five-line pixel signals are supplied to the defect
correction block 33.

In the defect correction block 33, the signal level compara-
tor circuit 41 extracts a correction target pixel and peripheral
five-by-five pixels around the correction target pixel from
five-line pixel signals. Further, the maximum signal level
MaxLV and the minimum signal level MinLV are extracted
from the same-color peripheral eight pixel signals as the
correction target pixel of the foregoing five-by-five pixels.
Furthermore, 1n order to determine whether or not a signal of
the correction target pixel 1s an edge portion such as an edge
of pattern and line, the difference (edge signal) EV between
the maximum and minimum signal levels 1s generated.

The defect correction circuit 42 compares a correction
target pixel signal with maximum and mimimum signal levels
MaxLV and MinLV extracted by the signal level comparator
circuit 41. In this way, 1t 1s determined whether or not the
correction target pixel signal has a white or black defect. In
accordance with the foregoing determined result, corrections
for white and black defects are carried out. The edge control
circuit 43 multiplies an edge signal EV by an optional multi-
plication coellicient. The multiplication coetiicient 1s multi-
plied, and thereby, this serves to control a degree of edge
detection (what level difference 1s determined as an edge)
withrespectto anedge signal EV generated by the signal level
comparator circuit 41. The weighting addition circuit 44 adds
a defect correction signal ABPC output from the defect cor-
rection circuit 42 and an original signal ORG of the correction
target pixel based on a controlled edge signal EV' output from
the edge control circuit 43. In this case, addition 1s carried out
in a state of changing weighting. If the signal level difference
between a defect correction target pixel and peripheral five-
by-five pixel signals 1s large, addition 1s carried out 1n a state
of making strong weighting of the original signal before
defect correction. Conversely, 1 the foregoing difference 1s
small, addition 1s carried out 1n a state of making strong
weighting of an output of the defect correction circuit 42.

In the noise reduction circuit 34, two-dimensional median
filtering 1s carried out with respect to a signal of a defect-
corrected pixel output from the weighting addition circuit 44
and signals of peripheral five-by-five pixels around the fore-
going pixel. In this way, random noise corrections are carried
out. An output signal of the noise reduction circuit 34 is
reverse-gamma (v )-corrected by the reverse-gamma (y) cor-
rection circuit 35, and thereaiter, output to the after-stage
circuit block.

When defect corrections are carried out with respect to an
input signal, 1f a black defect exists 1n a black portion, the
black defect 1s crushed; for this reason, 1t 1s difficult to find the




US 8,411,175 B2

S

black defect. Considering the foregoing circumstances, the
pre-gamma () correction circuit 31 executes gamma (y) cor-
rections so that black portions are decompressed while white
portions are compressed. In this way, the foregoing black
defect 1s easily found; therefore, corrections are suitably car-
ried out. After defect corrections, the output signal 1s reverse-
gamma (vy)-corrected by the reverse-gamma (y) correction
circuit 35, and then, restored to the original signal.

FI1G. 3 shows the detailed circuit configuration of principal
parts of the defect correction circuit block 33 of FIG. 2. In a
signal level comparator circuit 41, a subtractor 51 subtracts
the minimum signal level MinLV {from the maximum signal
level MaxLV generated from a signal the same-color periph-
cral eight pixels as a correction target pixel to generate an
edge signal EV. An edge control circuit 43 includes a multi-
plier 532 and a clipping circuit 53. Specifically, the multiplier
53 executes a multiplication of foregoing edge signal EV and
a multiplication coellicient n. The clipping circuit 33 clips a
predetermined number of bits out of an output EV' of the
multiplier 52. In this case, 11 the multiplication coeflicient n1s
set larger, the smaller level difference 1s determined as an
edge. Conversely, 11 the multiplication coelficient n 15 set
smaller, the level difference 1s not determined as an edge
when there 1s no big change of luminance.

A weighting addition circuit 44 includes two multipliers
54, 55 and an adder 56. Specifically, the multiplier 54
executes a multiplication of a controlled edge signal EV' and
the original signal ORG of a correction target pixel. The
multiplier 55 executes a multiplication of a complement value
(255-EV") of the edge signal EV' to the maximum value 2355
of an eight-bit digital signal and a defect correction signal
ABPC. The adder 56 adds output signals from multipliers 54
and 55 to output a signal ABPCORG. In other words, the
weighting addition circuit 44 generates an addition output
signal ABPCORG obtained by the following equation (1)
from the following signals. One of the signals 1s an edge
signal EV' generated by the signal level comparator circuit 41
and controlled by the edge control circuit 43. Another 1s the
original signal ORG of a correction target pixel. Another 1s a
signal ABPC of a pixel defect-corrected by the defect correc-
tion circuit 42.

ABPCORG={ORGXEV'+ABPC(255-EV")}/256

(where, 255=al, 256=a.2, al<a2)

The edge control circuit 43 1s provided with the foregoing
clipping circuit 53 1n order to satisty the following condition.
Specifically, the clipping circuit 33 makes the coincidence of
a number of bits of the controlled edge signal EV' and a
number of bits of the multiplication coellicient input to mul-
tipliers 54 and 55 of the weighting addition circuit 44. For
example, 11 the coetlicient input to multipliers 54 and 55 1s
eight bits, the clipping circuit 53 clips the number of bits by
eight bits when the bit number of the edge signal EV' 1s more
than eight, and thus, outputs the edge signal to the weighting
addition circuit 44. Therefore, when the bit number of the
edge signal EV' 1s eight; the clipping circuit 53 may be omit-
ted.

The operation of the signal processing circuit 23 will be
explained below. In the defect correction circuit block 33, the
signal level comparator circuit 41 extracts an arrangement
pattern shown in FI1G. 4, that 1s, a correction target center pixel
(e.g., R22) and peripheral five-by-five pixels around the cen-
ter pixel from five-line pixel signals. In FIG. 4, a symbol “R”
denotes a red pixel, “G” denotes a green pixel and “B”
denotes a blue pixel. In particular, a green pixel Gb denotes a
green pixel between blue pixels B, and a green pixel Gr
denotes a green pixel between red pixel R.

(1)
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Further, the signal level comparator circuit 41 extracts
maximum and minimum signal levels (MaxLV) and (MinLV)
from peripheral eight-pixel signals of the same-color three-
by-three pixels. The same-color three-by-three pixels
includes a correction target center pixel (e.g., R22) and the
same-color peripheral eight pixels (e.g., R44, R42, R40, R24,
R20, R40,R02,R00) shown in FIG. 5. Specifically, the circuit
41 compares signal levels of other peripheral eight pixels of
the correction target pixel (R22) in the extracted same-color
three-by-three pixels to extract maximum and minimum sig-
nal levels. FIG. 6 shows the magnitude relationship of a signal
level of peripheral eight pixels of the correction target pixel.
In this case, of peripheral eight pixels, the first pixel signal
level 1s the minimum si1gnal level, and the eighth pixel signal
level 1s the maximum signal level.

Furthermore, the signal level comparator circuit 41 gener-
ates an edge signal EV from the difference between the fore-
going maximum and minimum signal levels. If the generated
edge signal EV 1s larger than a predetermined threshold value,
it 1s determined as an edge portion such as edges of pattern
and line. Thus, the defect correction circuit does not execute
defect corrections. As described above, an edge 1s detected;
therefore, this serves to prevent erroneous corrections for an
edge portion.

The defect correction circuit 42 determines a black defect
and a white defect based on the comparison between the
maximum or minimum signal level extracted by the signal
level comparator circuit41 and a signal level of the correction
target pixel, and thus, executes defect corrections. Then, the
circuit 42 determines whether or not a correction target pixel,
that 1s, the center pixel has a defect based on the same-color
nine pixel signals. As aresult, iT1t 1s determined that the center
pixel 1s a defect pixel, the circuit 42 executes the following
defect corrections. Specifically, 1f the defect pixel has a white
defect, a signal level of the defect pixel 1s replaced with the
maximum signal level pixel of peripheral normal pixels. On
the other hand, 11 the defect pixel has a black defect, a signal
level of the defect pixel 1s replaced with the minimum signal
level pixel of the same as above. According to this embodi-
ment, the circuit 42 1s realized on the assumption that other
same-color peripheral pixels of the correction target center
pixel are given as a normal pixel.

A method determining a defect will be explained below
with reference to FIG. 7. White defect determination 1s made
in the following manner.

(a) The defect correction circuit 42 calculates the differ-
ence between a signal level of the correction target center
pixel R22 (shown 1n FIG. 5) and the maximum signal level
(eighth level) of normal pixels, that 1s, same-color eight p1x-
els. As seen from FI1G. 7, 11 the signal level of the center pixel
(R22) 1s larger than that of normal pixels, the circuit 42
determines that the center pixel has a white detfect.

(b) If the difference between maximum and minimum sig-
nal levels 1s smaller than a predetermined threshold value,
namely, only when a slight change of luminance exists in
same-color eight pixels, corrections are carried out.

If the foregoing two conditions (a) and (b) are both satis-
fied, white defect corrections are carried out. When white
defect corrections are carried out, the signal level of the center
pixel R22 1s replaced with the maximum signal level (eighth
level) of normal pixels, that 1s, same-color eight pixels. In this
case, even 1f the foregoing condition (b) only 1s satisfied, the
replacement of the center pixel (R22) 1s not carried out. This
1s based on the following reason. Specifically, 11 the differ-
ence between maximum and minimum signal levels 1s large,
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the signal level difference 1s large around the correction target
center pixel (R22); namely, there 1s a possibility that the
center pixel 1s an edge.

Black defect determination 1s made 1n the following man-
ner.

(c) The defect correction circuit 42 calculates the differ-
ence between a signal level of the correction target center
pixel R22 (shown in FIG. 5) and the minimum signal level
(first level) of normal pixels, that 1s, same-color eight pixels.
As seen from FIG. 7, 1f the signal level of the center pixel
(R22) 1s smaller than that of normal pixels, the circuit 42
determines that the center pixel has a black defect.

(d) If the difference between maximum and minimum sig-
nal levels 1s smaller than a predetermined threshold value,
namely, only when a slight change of luminance exists in
same-color eight pixels, corrections are carried out.

If the foregoing two conditions (¢) and (d) are both satis-
fied, black defect corrections are carried out. When black
defect corrections are carried out, the signal level of the center
pixel R22 1s replaced with the minimum signal level (first
level) of normal pixels, that1s, same-color eight pixels. In this
case, even 1f the foregoing condition (d) only 1s satisfied, the
replacement of the center pixel (R22) 1s not carried out. This
1s based on the following reason. Specifically, 11 the differ-
ence between maximum and minimum signal levels 1s large,
the signal level difference 1s large around the correction target
center pixel (R22); namely, there 1s a possibility that the
center pixel 1s an edge. The defect correction circuit 42
executes the foregoing corrections; therefore, corrections for
white defect and black defect are carried out.

According to this embodiment, corrections for black defect
of one pixel and white defect of one pixel 1n nine pixels are
possible on the assumption that eight pixels other than the
correction target pixel are a normal pixel having no defect.

The defect correction circuit 42 generates the signal level
difference between the maximum signal level pixel (eighth
pixel) and the mimmum signal level pixel (first pixel) of
normal pixels shown 1 FIG. 7 as an edge signal EV. For
example, 11 the signal level difference between the maximum
signal level pixel (eighth pixel) and the minimum signal level
pixel (first pixel) 1s small, the following determination 1s
made. Namely, 1t 1s determined that a video signal 1s a flat
image having no signal level difference between normal pix-
¢ls, that 1s, first to eighth pixels.

Conversely, 11 the signal level difference between the first
to e1ght pixels 1s large, the following determination 1s made.
Namely, the signal level difference exists between normal
pixels, that 1s, first to e1ghth pixels; therefore, 1t 1s determined
that an edge exists therein. As described above, edge detec-
tion 1s carried out, and thereby, this serves to prevent errone-
ous corrections, and to carry out defect corrections without
reducing a resolution of the defect-corrected video signal.

The edge signal EV 1s calculated from the signal level
difference between the same-color pixels compared by the
signal level comparator circuit 41. Therefore, there 1s no need
to provide a special circuit for detecting an edge; as a result,
this serves to prevent an increase of the circuit scale of the
signal processing circuit.

The edge control circuit 43 multiplies an edge signal EV
generated by the signal level comparator circuit 41 by a mul-
tiplication coetlicient n for determiming a degree of detecting,
an edge. IT the multiplication coellicient n 1s set larger, the
smaller level difference 1s determined as an edge. Conversely,
if the multiplication coelflicient n 1s set smaller, an edge signal
1s not determined as an edge so long as a change of luminance
1s not large. For example, 1f a coellicient input to multipliers
54 and 55 of the after-stage weighting addition circuit 44 has
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eight bits, this operation result 1s converted to an eight-bit
signal by the clipping circuit 53, and thus, output as a con-

trolled edge signal.

The weighting addition circuit 44 executes weighting addi-
tion according to the foregoing equation (1) to generate an
addition output signal ABPCORG based on the following
signals. One 1s a controlled edge signal EV' given by the edge
control circuit 43. Another 1s the original signal ORG of a
correction target pixel. Another 1s a signal ABPC of the pixel
defect-corrected pixel by the effect correction circuit 42.

In this case, 11 the controlled edge signal EV' 1s large (1.e.,
the signal level difference between normal pixels 1s large),
that 1s, the correction target center pixel (R22) 1s a pixel,
which 1s situated on an edge, the following weighting addi-
tion 1s executed. Namely, a correction weight 1s set so that the
ratio of the original signal ORG of the correction target pixel
1s 1ncreased.

Conversely, 11 the controlled edge signal EV' 1s small (1.e.,
the signal level difference between normal pixels 1s small),
that 1s, the correction target center pixel (R22) 1s a pixel,
which 1s not situated on an edge, the following weighting
addition 1s executed. Namely, a correction weight 1s set so that
the ratio of the signal ABPC of the pixel defect-corrected by
the defect correction circuit 42 1s increased.

The output of the weighting addition circuit 44 1s noise-
corrected at random by the noise reduction circuit 34. Further,
the output 1s reverse-gamma-corrected by the reverse-gamma
(v) circuit 35, and thereatter, output to the after-stage circuit
block, and then, a digital processing such as a YUV genera-
tion processing 1s carried out.

According to this embodiment, in the solid-state 1maging
device and the signal processing circuit, peripheral eight pix-
cls excepting the correction target center pixel are assumed as
a normal pixel. Further, an edge signal EV 1s generated using
signals of maximum and minimum signal level pixels of
peripheral eight pixels. Therefore, when the difference
between maximum and minimum signal levels 1s small, the
value of the edge signal EV becomes small. In this way, 1t 1s
determined that a pixel 1s a flat video image having no change
of color. Conversely, when the foregoing difference 1s large,
the value of the edge signal EV becomes large. In this way, 1t
1s determined that a pixel 1s an edge having a large change of
color.

I1 a correction target pixel 1s an edge having a large change
of color, the weighting addition circuit 44 executes the
weilghting addition. Namely, a correction weight 1s set so that
a ratio of the original signal of the correction target pixel 1s
increased. In this way, an edge portion such as a pattern and an
edge portion of lines such as longitudinal, horizontal and slant
lines are left; therefore, this serves to prevent an error correc-
tion. In addition, it 1s possible to prevent reduction of resolu-
tion of a video signal.

Moreover, there 1s no need to newly provide a circuit for
detecting an edge from a video signal. In addition, the signal
level comparator circuit 41 extracts maximum and minimum
signal levels only. This serves to dispense a rearrangement
circuit for rearranging a plurality of pixel signals 1n the order
of level, which has been conventionally required. Therefore,
the signal level comparator circuit 41 has the circuit scale
smaller than the conventional rearrangement circuit. As a
result, the whole circuit scale 1s reduced compared with the
conventional case.

Second Embodiment

FIG. 8 shows the detailed circuit configuration of principal
parts of a defect correction circuit block 33. According the
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second embodiment, the defect correction circuit block 33
differs from the block according to the first embodiment
shown 1n FIG. 3 1n the following points. Specifically, a clip-
ping circuit 33 clips an edge signal to 1 (EV'=1) when a value
betore clipping 1s 0 (EV'=0). Further, a weighting addition
circuit 44 1s additionally provided with an adder 37, which
adds “1” to an inverted signal (complement signal) of a
clipped edge signal EV'. Therefore, an acquirable value range
ofthe clipped edge signal EV'1s 1 =EV'=255. A multiplier 55
executes a multiplication of a defect correction signal ABPC
and an output of the adder 57.

According to the first embodiment, the weighting addition
circuit 44 generates an addition output signal ABPCORG
according to the foregoing equation (1). According to the
second embodiment, a weighting addition circuit 44 gener-
ates an addition output signal ABPCORG according to the
following equation (2).

ABPCORG={ORGXEV'+ABPC(256-EV")}/256

(where, 256=a.1=0.2)

Thus, the output of the weighting addition circuit 44, that
1s, the addition output signal ABPCORG necessarily uses
both outputs of the original signal of a correction target pixel
and a defect correction signal. According to the second

embodiment, the same effect as the first embodiment 1s
obtained.

(2)

Third Embodiment

According to the first embodiment, when EV'=253, the
output of the weighting addition circuit 44 1s
ABPCORG=0RG. In other words, the output of the weight-
ing addition circuit 44 becomes approximately the same as
the original signal of a correction target pixel. Specifically,
when EV'=255, the output of the weighting addition circuit
44 1s regarded as the original signal of a correction target
pixel. For this reason, an output of a defect correction circuit
42 1s not used 1n a weighting addition circuit 44.

In such a case, the following control 1s carried out. Specifi-
cally, as seen from FIG. 9, an output of the edge control circuit
43 1s supplied as a trigger signal to the defect correction

circuit 42. When the value of a controlled edge signal EV' of

the edge control circuit 43 1s 255, the operation of the defect
correction circuit 42 1s stopped. Conversely, when the fore-
going controlled edge signal EV' 1s values except 253, the
defect correction circuit 42 1s operated. In this way, the defect
correction circuit 42 1s operated only when 1t 1s required.
According to the third embodiment, the same effect as the first
embodiment 1s obtained. Moreover, the defect correction cir-
cuit 42 1s operated only when 1t 1s required; therefore, this
serves to obtain the effect of reducing energy consumption.
While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not mtended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the mmventions. The accompanying
claims and their equivalents are intended to cover such forms

or modifications as would fall within the scope and spirit of

the 1nventions.

What is claimed 1s:

1. A solid-state imaging device comprising;:

an 1maging area including a plurality of pixels arrayed like
a matrix and a plurality of pixel rows and columns;

10

15

20

25

30

35

40

45

50

55

60

65

10

a plurality of vertical signal lines connected in common to
a plurality of pixels of each pixel column, and reading
pixel signals from the pixels of each pixel column;

a vertical drive circuit configured to select a pixel row of the
imaging area, and configured to supply a plurality of
drive signals to each pixel of the selected pixel row so
that a pixel signal 1s read from each pixel;

an analog-to-digital converter circuit connected to the ver-
tical signal lines, and configured to convert and output
cach of pixel signals read to the vertical signal lines into
a digital signal;

a horizontal drive circuit configured to receirve and hold a
signal digitized by the analog-to-digital converter cir-
cuit, and configured to successively output the held sig-
nal; and

a signal processing circuit configured to recerve a signal
output from the horizontal drive circuit, and configured
to extract the maximum signal level and the minimum
signal level from signals of a plurality of pixels existing,
around a correction target pixel, and further, configured
to execute defect corrections of the correction target
pixel based on the maximum signal level and the mini-
mum signal level and a signal of the correction target
pixel,

wherein the signal processing circuit includes:

a signal level comparator circuit configured to extract the
maximum signal level and the minimum signal level
from signals of a plurality of pixels existing around the
correction target pixel; and

a defect correction circuit configured to recerve the maxi-
mum signal level and the mimimum signal level to com-
pare each of the maximum signal level and the minimum
signal level with a signal of the correction target pixel,
and configured to determine whether or not the correc-
tion target pixel has a white defect or black defect, and
turther, configured to execute defect corrections on the
correction target pixel according to the determined
result,

wherein the defect correction circuit 1s configured to
replace a signal of the correction target pixel with a
signal of a pixel having the maximum signal level or the
minimum signal level to execute defect corrections.

2. The device according to claim 1, wherein the signal level
comparator circuit 1s configured to extract the maximum sig-
nal level and the minimum signal level from signals of a
plurality of pixels, which exist around the correction target
pixel in the imaging area and have the same color as the
correction target pixel.

3. The device according to claim 1, wherein the signal level
comparator circuit 1s configured to generate the difference
between the maximum signal level and the minimum signal
level as an edge si1gnal.

4. The device according to claim 3, wherein the signal
processing circuit further includes:

an edge control circuit configured to multiply the edge
signal by an optional coellicient, and configured to out-
put the multiplication result.

5. The device according to claim 4, wherein the edge con-

trol circuit includes:

a clipping circuit configured to clip the edge signal so that
the edge signal 1s set to a predetermined number of bits.

6. A solid-state imaging device comprising:

an 1maging area including a plurality of pixels arrayed like
a matrix and a plurality of pixel rows and columuns;

a plurality of vertical signal lines connected 1n common to
a plurality of pixels of each pixel column, and reading
pixel signals from the pixels of each pixel column;
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a vertical drive circuit configured to select a pixel row of the
imaging area, and configured to supply a plurality of
drive signals to each pixel of the selected pixel row so
that a pixel signal 1s read from each pixel;

an analog-to-digital converter circuit connected to the ver-
tical signal lines, and configured to convert and output
cach of pixel signals read to the vertical signal lines into
a digital signal;

a horizontal drive circuit configured to recerve and hold a
signal digitized by the analog-to-digital converter cir-
cuit, and configured to successively output the held sig-
nal; and

a signal processing circuit configured to receive a signal
output from the horizontal drive circuit, and configured
to extract the maximum signal level and the minimum
signal level from signals of a plurality of pixels existing
around a correction target pixel, and further, configured
to execute defect corrections of the correction target
pixel based on the maximum signal level and the mini-
mum signal level and a signal of the correction target
pixel,

wherein the signal processing circuit includes:

a signal level comparator circuit configured to extract the
maximum signal level and the minimum signal level
from signals of a plurality of pixels existing around the
correction target pixel, and further configured to gener-
ate the difference between the maximum signal level and
the mimimum signal level as an edge signal, and

a defect correction circuit configured to receive the maxi-
mum signal level and the minimum signal level to com-
pare each of the maximum signal level and the minimum
signal level with a signal of the correction target pixel,
and configured to determine whether or not the correc-
tion target pixel has a white defect or black defect, and
turther, configured to execute defect corrections on the
correction target pixel according to the determined
result,

wherein the defect correction circuit 1s further configured
to receive the edge signal, and 1s configured to stop the
defect corrections when the edge signal 1s larger than a
predetermined threshold.

7. The device according to claim 6, wherein the signal level
comparator circuit 1s configured to extract the maximum sig-
nal level and the mimimum signal level from signals of a
plurality of pixels, which exist around the correction target
pixel in the imaging area and have the same color as the
correction target pixel.

8. The device according to claim 6, wherein the defect
correction circuit 1s configured to replace a signal of the
correction target pixel with a signal of a pixel having the
maximum signal level or the mimimum signal level to execute
defect corrections.

9. The device according to claim 6, wherein the signal
processing circuit further includes:

an edge control circuit configured to multiply the edge
signal by an optional coellicient, and configured to out-
put the multiplication result.

10. The device according to claim 9, wherein the edge

control circuit includes:

a clipping circuit configured to clip the edge signal so that
the edge signal 1s set to a predetermined number of bits.

11. A solid-state imaging device comprising:

an 1maging area including a plurality of pixels arrayed like
a matrix and a plurality of pixel rows and columns;

a plurality of vertical signal lines connected 1n common to
a plurality of pixels of each pixel column, and reading
pixel signals from the pixels of each pixel column;
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a vertical drive circuit configured to select a pixel row of the
imaging area, and configured to supply a plurality of
drive signals to each pixel of the selected pixel row so
that a pixel signal 1s read from each pixel;

an analog-to-digital converter circuit connected to the ver-
tical signal lines, and configured to convert and output
cach of pixel signals read to the vertical signal lines into
a digital signal;

a horizontal drive circuit configured to receirve and hold a
signal digitized by the analog-to-digital converter cir-
cuit, and configured to successively output the held sig-
nal; and

a signal processing circuit configured to receive a signal
output from the horizontal drive circuit, and configured
to extract the maximum signal level and the minimum
signal level from signals of a plurality of pixels existing,
around a correction target pixel, and further, configured
to execute defect corrections of the correction target
pixel based on the maximum signal level and the mini-
mum signal level and a signal of the correction target
pixel,

wherein the signal processing circuit includes:

a signal level comparator circuit configured to extract the
maximum signal level and the minimum signal level
from signals of a plurality of pixels existing around the
correction target pixel, and further configured to gener-
ate the difference between the maximum si1gnal level and
the minimum signal level as an edge signal, and

a defect correction circuit configured to recerve the maxi-
mum signal level and the mimimum signal level to com-
pare each of the maximum signal level and the minimum
signal level with a signal of the correction target pixel,
and configured to determine whether or not the correc-
tion target pixel has a white defect or black defect, and
turther, configured to execute defect corrections on the
correction target pixel according to the determined
result, and

a weighting addition circuit configured to execute an addi-
tion of the original signal of the correction target pixel
and a pixel signal defect-corrected by the defect correc-
tion circuit according to weighting given in accordance
with the edge signal.

12. The device according to claim 11, wherein the edge
signal 1s set as EV, the original signal of the correction target
pixel 1s set as ORG, the pixel signal defect-corrected by the
defect correction circuit 1s set as ABPC and an addition output
1s set as ABPCORG, the weighting addition circuit config-
ured to execute a weighting addition according to the follow-
Ing equation:

ABPCORG={ORGXEV+ABPC(al-EV)}/al

where, .l 1s a positive integer number.

13. The device according to claim 11, wherein the edge
signal 1s set as EV, the original signal of the correction target
pixel 1s set as ORG, the pixel signal defect-corrected by the
defect correction circuit 1s set as ABPC and an addition output
1s set as ABPCORG, the weighting addition circuit config-
ured to execute a weighting addition according to the follow-
Ing equation:

ABPCORG={ORGxEV+ABPC(al-EV)}/a2

where, a.1 and a2 are each 1s a positive integer number, and
al=ol.

14. The device according to claim 11, wherein the signal

level comparator circuit1s configured to extract the maximum

signal level and the minimum signal level from signals of a
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plurality of pixels, which exist around the correction target
pixel in the 1imaging area and have the same color as the
correction target pixel.

15. The device according to claim 11, wherein the defect
correction circuit 1s configured to replace a signal of the
correction target pixel with a signal of a pixel having the
maximum signal level or the mimimum signal level to execute
defect corrections.

16. The device according to claim 11, wherein the signal
processing circuit further includes:

an edge control circuit configured to multiply the edge

signal by an optional coellicient, and configured to out-
put the multiplication result.

17. The device according to claim 16, wherein the edge
control circuit includes:

a clipping circuit configured to clip the edge signal so that

the edge signal 1s set to a predetermined number of bits.

18. The device according to claim 11, wherein the defect
correction circuit 1s further configured to recerve the edge
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edge signal 1s larger than a predetermined threshold.
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